Abstract The glomus tumor is a rare, benign, but painful vascular neoplasm arising from the neuromyoarterial glomus. Primary intraosseous glomus tumor is even rarer, with only about 20 cases reported in the literature so far, 5 of which involved the spine. Surgical resection is currently considered the treatment of choice. We herewith present an uncommon case of primary intraosseous spinal glomus tumor involving the right pedicle of the eleventh thoracic vertebra (T11). To our knowledge, this is the first case of primary intraosseous spinal glomus tumor successfully treated by percutaneous CT-guided radiofrequency ablation (RFA).
Introduction
The glomus tumor is a rare, benign, but painful vascular neoplasm derived from the neuromyoarterial glomus and accounts for approximately 2% of all soft tissue tumors [1, 2] . Patients are usually affected in the third to fifth decades of life, with no gender predominance. This tumor primarily occurs in the distal extremities, especially the subungual regions. Primary intraosseous glomus tumor is extremely rare, with only about 20 cases reported in the literature so far [3] . Five of those cases involved the spinal axis (Table 1 ) [4] [5] [6] [7] [8] . To date, complete surgical excision is considered the treatment of choice [8] .
We herewith present an uncommon case of primary intraosseous spinal glomus tumor involving the right pedicle of the eleventh thoracic vertebra (T11). To our knowledge, this is only the sixth case of primary intraosseous spinal glomus tumor reported and the first to be treated by percutaneous CT-guided radiofrequency ablation (RFA).
Case report
A 73-year-old woman was referred to our hospital for evaluation and management of a focal vertebral lesion. She presented with a 6-month history of upper and lower back pain, which persisted despite the administration of steroidal and non-steroidal anti-inflammatory drugs. The pain was centered on the thoraco-lumbar junction and radiated down to the lower back and, at times, the right leg. There was no history of trauma, osteoporosis or cancer.
On physical examination, the patient had a good range of motion in the thoracic and lumbar spine. There was no paraspinal muscle spasm, but pain on deep palpation at the thoraco-lumbar junction. The straight leg raise test and motor and sensory examinations were all normal.
All imaging studies were performed in another institution. Anteroposterior and lateral radiographs of the thoracic and lumbar spine showed only mild degenerative spur formation in the lumbar spine. On multidetector computed tomography (CT), a well-circumscribed, lobulated osteolytic lesion was noted in the right pedicle of T11 (Fig. 1) . It measured 1.5×0.6 cm in the transverse plane and 1 cm in its cranio-caudal axis. This lesion was surrounded by peripheral osteosclerosis. There was no periosteal reaction or cortical bone discontinuity. Magnetic resonance (MR) imaging of the thoracic spine demonstrated a relatively homogeneous oblong lesion with low signal intensity on T1-weighted (Fig. 2a) and high signal intensity on T2-weighted images (Fig. 2b) , which was avidly enhanced after gadolinium chelate administration (Fig. 2c, d ). There was minimal peripheral bone marrow edema. No extraosseous component was observed. In retrospect, this lesion was already present on a thoracic CT angiography performed 1 year earlier, and had slightly increased in size since then. A percutaneous CT-guided core biopsy of the right pedicle of T11 was then achieved under local anesthesia (rapidocain 2%; Sintetica, Mendrisio, Switzerland) using an 11-gauge coaxial bone biopsy system (Somatex Safe-Cut; Somatex Medical Technologies, Teltow, Germany). Surprisingly, this procedure was well tolerated by the patient, triggering only mild pain when the cannula went through the lesion. Histopathological examination revealed a diagnosis of primary intraosseous glomus tumor, with intraosseous sheets of medium-sized bland cells (Fig. 3a, b ) that stained strongly for smooth muscle actin at immunohistochemistry (Fig. 3c) . No mitotic activity was observed. According to the criteria proposed by Folpe et al. [9] , the tumor was classified as a "glomus tumor of uncertain malignant potential" owing to its deep location only.
Given that the patient refused surgical intervention, but still presented disabling symptoms, a minimally invasive, percutaneous CT-guided RFA was scheduled under general anesthesia (Fig. 4) , after obtaining the patient's written informed consent. A single dose (1 g) of intravenous cefazolin was administered to the patient 30 min before the procedure. After adequate grounding and under strict aseptic conditions, access to the lesion was gained using a 14-gauge coaxial drill system (Bonopty Penetration Set; Radi Medical Systems, Uppsala, Sweden) through a dorsal approach and under CT guidance. The inner needle was then replaced by a 20-gauge radiofrequency (RF) cannula bearing a 5-mm active tip (RFK; Cosman Medical, Burlington, MA, USA). After controlling the accurate position of the RF probe tip by CT fluoroscopy (SmartStep; GE Healthcare, Waukesha, WI, USA), the electrode was connected to the RF generator (RFG-3 C; Radionics, Burlington, MA, USA) and the procedure achieved by maintaining the tip temperature to 80°C for two cycles of 3 min each, with a 2-minute free interval. The RF probe One day after the RFA procedure, the patient left the hospital symptom-free. At the 3-month follow-up examination, she presented again with lower back pain, which was due to L5-S1 degenerative disc disease with Modic type 1 vertebral bone marrow changes on MR imaging. However, the previous symptoms could not be reproduced on deep palpation at the thoraco-lumbar junction. A second follow-up MR imaging of the thoraco-lumbar spine obtained 6 months after the RFA revealed minor residual peripheral bone marrow edema, but no features suggestive of residual or recurrent disease.
Discussion
Unlike paragangliomas, which originate from chromaffin cells, glomus tumors (also called angioglomoid tumors) are benign vascular neoplasms arising from smooth muscle cells of the neuromyoarterial glomus [1, 10] . Normal glomus bodies are specialized complexes of vascular anastomoses that operate as regulators of body temperature. These are mainly located in the subcutaneous tissue of the extremities, especially the palmar and plantar areas and the subungual regions [1, 10] . However, a few cases of glomus tumor affecting the stomach, the chest wall, the mediastinum, the penis, and the face have been reported [1, 10] . Intraosseous glomus tumors are uncommon and may be related to secondary involvement of a soft tissue lesion. Iglesias de la Torre et al. were the first to report a case in 1939 [11] . Since then, only about 20 additional cases of intraosseous glomus tumor have been published [3, 12, 13] . Most of those involved the phalanges of the fingers (12 out of 21, 57%) [12, 13] and 5 affected the spinal axis (5 out of 21, 24%; Table 1 ) [4] [5] [6] [7] [8] . The patients' median age was 36 years (range 22-68 years) and a female predominance (13 out of 19, 68%) was noted [3] .
Excluding epithelial tumors, the incidence of glomus tumor was 1.6% of 500 consecutive soft tissue tumors in the 1955 Mayo Clinic series [2] . Despite its rarity, this neoplasm is relatively well-known owing to its typical clinical features. The clinical triad of excruciating pain, exquisite point tenderness, and cold sensitivity is observed in approximately 30% of cases [14] . However, due to its small size, the tumor is often not visible or palpable on physical examination [1] . In the spine, back pain is the most common symptom, usually lancinating and sharp, and may be complicated by neurological compression symptoms (Table 1) [4] [5] [6] [7] [8] . No patient with a spinal glomus tumor has yet presented with the clinical triad ( Table 1 ). In our case, the patient's radicular symptoms were probably due to concomitant L5-S1 degenerative disc disease, but not related to the glomus tumor itself.
The roentgenological and MR imaging features of extraosseous glomus tumor are well recognized [14, 15] . Conventional radiographs are frequently normal, but a small scalloped bony defect in a distal phalanx may be seen [15] . On MR imaging, the tumor is typically of high signal intensity on T2-weighted and low signal intensity on T1-weighted images, with strong enhancement after intravenous gadolinium administration [14] . To our knowledge, there are no case series reporting the imaging characteristics of intraosseous glomus tumor. In our case, the CT and MR imaging findings were similar to those in two of the previously reported cases [6, 8] . Owing to the rarity and non-specific imaging features of this tumor in the spine, the diagnosis of intraosseous glomus tumor was not considered prior to core needle biopsy. The main differential diagnosis consisted of metastasis, plasmacytoma, lymphoma, giant cell tumor or osteoid osteoma [16] .
Complete surgical excision by curettage or en bloc resection is currently considered to be the treatment of choice [4] [5] [6] [7] [8] . In the five previously reported cases of intraosseous spinal glomus tumor, no recurrence was observed following surgery, with a mean follow-up time of 8 months (range 2-24 months; Table 1 ). To our knowledge, this is the first case of primary intraosseous spinal glomus tumor to be treated by percutaneous CTguided RFA. Since the first experiments by Tillotson et al. in 1989 [17] , RFA has now become recognized to be at least as effective as surgery in the treatment of osteoid osteoma, with similar success rates, but shorter hospitalization length and fewer complications [18] . Subsequently, RFA was also successfully applied in the treatment of chondroblastoma [19, 20] , eosinophilic granuloma [20, 21] , bone metastases [22] , and even Brodie's abscesses [20] . However, percutaneous ablation of spinal bone tumors is still relatively limited by the fear of thermal injury to the adjacent neurological structures [23] . Although Dupuy et al. reported decreased heat transmission in cancellous bone and insulative effect of cortical bone [24] , cytotoxicity to the spinal cord may appear at temperatures higher than 45°C. In our case, given the intact cortical margins of the right pedicle of T11, we opted not to employ additional protective measures advocated in prior publications, such as epidural instillation of cooled fluids [23] , although the nearest neural structures were 4 mm away in the transverse and 6 mm away in the coronal plane. Following RFA, the patient reported immediate pain relief and no symptoms related to radicular or spinal cord injury was noted. Moreover, no signal abnormalities of the neural structures were found on follow-up MR imaging studies. Fig. 2 a Sagittal T1-weighted fast spin echo (FSE; TR/TE= 400/9), b fat-suppressed T2-weighted FSE (3,200/80) , and c sagittal and d axial gadoliniumenhanced fat-suppressed T1-weighted FSE (425/9) MR images of the thoraco-lumbar spine display a relatively homogeneous oblong lesion involving the right pedicle of the eleventh thoracic vertebra (T11). The lesion is of low signal intensity on T1-weighted (a, black arrowheads) and high signal intensity on T2-weighted (b, white arrowheads) images. It is avidly enhanced after gadolinium chelate administration (c, d, arrow). The lesion has no extraosseous component Although Rosenthal et al. first demonstrated that single RF cycles of 3 to 4 min would be effective to treat most osteoid osteomas [18] , some authors now prefer 6 min ablations at 90°C because they noted lower recurrence rates [25, 26] . In our experience, we are currently applying two cycle RF treatments inspired by the technique used by Rimondi et al. [25, 26] . Indeed, these authors propose to gradually raise the tip temperature to 60°C for 2 min to reduce tissue impedance and improve RF generator output, and then proceed to 14-15 min of ablation at 90-93°C. In our particular case, we decided to reduce the temperature and length of the second RF cycle owing to the spinal location of the lesion and the proximity of the neural structures.
In conclusion, although the follow-up length is relatively short, this case illustrates a potential additional application of percutaneous image-guided thermal ablation of spinal bone tumors. Fig. 3 Photomicrographs of the core needle biopsy specimen. a Core bone biopsy reveals intraosseous sheets of medium-sized bland cells with vessels of variable size (H&E stain; original magnification, ×10). b Glomus cells (arrowhead) are round to oval and display round nuclei, amphophilic cytoplasm and no atypia. The adjacent vessels (asterisk) are of variable size (H&E stain; original magnification, ×100). c At immunohistochemistry, glomus cells are strongly and diffusely positive for smooth muscle actin (original magnification, ×200) Fig. 4 Per-procedural axial unenhanced CT image at the level of the eleventh thoracic vertebra (T11) demonstrates the accurate position of the radiofrequency (RF) probe tip within the anterior portion of the lesion of the T11 right pedicle. The outer cannula has not yet been withdrawn for treatment. The RF probe was subsequently pulled posteriorly to treat the posterior portion of the lesion with a second RFA. The nearest neural structures were distant 4 mm in the axial and 6 mm in the coronal plane
